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=— ! (57) Abstract: A steering system comprising a rack shaft (1 10) foiming a rolling fece (1 10b) on the side opposite to rack teeth 
= ( 110a) while holding the axis X between and forming a pair ofinclining faces (110c, 1 10c) extending in parallel along the axis on the 
opposite sides of the rolling face ( 1 10b), a roller ( 123) rolling on the rolling face (1 10b) of the rack shaft (1 10), and a member (130) 
. abutting against the pair of inclining faces (110c, 110c) and imparting an urging force thereto. Since the urging member (130) being 
fixed to the housing (101) is formed annularly to surround the rack shaft (1 10) over the entire circumference thereof and has parts 
(130b, 130b) abutting against the pair ofinclining faces (110c, 1 10c) and imparting an urging force thereto, the rack shaft (110) can 
f» su PI»rt a force being applied from a pinion (103a) when the tubular roller (123) abuts against the rolling face (1 10b). Furthermore, 
<S| rotational displacement of the rack shaft (110) around the axis can be suppressed when an urging force is imparted from the abutting 
00 parts(130b, 130b)of the urging member(130) to the pair ofinclining faces (110c, 110c)of the rack shaft(HO). Since the urging 
member (130) is annular, it can be fixed easily to the housing (101) or removed easily therefrom without using a fastening member, 
5^ e -g- adhesive or screws. 
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Technical Field 

The present invention relates to a steering apparatus, 
and more particularly, to a rack -and- pinion steering 
apparatus which includes a rack shaft and a pinion. 

Background Art 

One known type of steering apparatus of a vehicle is 
a rack-and-pinion steering apparatus in which a rotational 
force and an amount of rotation of a pinion are converted 
into a thrust in the axial direction and a stroke of a rack 
shaft by meshing engagement of the rack teeth of the rack 
shaft with the pinion. Here, in some of rack holding 
mechanisms for holding a rack, the transmission efficiency 
has been improved, and the steering torque has been reduced 
by providing a rolling rack guide, etc. , which can support 
the rack by a roller, etc. , rotating at a holding part for 
holding the back surface (the opposite side of the rack teeth) 
of the rack shaft. 

At the same time, a so-called Y-type rack shaft, which 
is produced by forging to have a Y-type (shaped) section 



orthogonal to the axis line, has been developed in order 
to improve the strength of the rack teeth. An example, in 
which such a Y-type rack shaft and the rolling rack guide 
described above are applied to a steering apparatus , is shown 
5 in Fig . 4 . In Fig . 4 , an output shaft 3 extending horizontally 
in a housing 1 is connected to an unillustrated steering 
shaft, and rot at ably supported by bearings 5, 6 with respect 
to the housing 1. The inner ring of the bearing 6 is fixed 
to the end of the output shaft 3 by a nut 8, and the outer 
10 ring of the bearing 6 is attached to the housing 1 by screwing 
a fixing member 9, which also serves as a cover member. 

The housing 1 is provided with a hollow columnar portion 
lc formed from the circumference of the rack shaft 10, which 

15 is a Y-type rack shaft, extending upward in the figure. A 
supporting unit 20 is disposed in the hollow columnar portion 
lc. The supporting unit 20 includes a substantially 
cylindrical holder 21, a pin 22 contained in a groove 21a 
of the holder 21 , a roller 24 rot at ably supported by a bearing 

20 23 with respect to the pin 22, a pipe-shaped screw member 
25 for attaching the holder 21 to the hollow columnar portion 
lc, a disc spring 24A disposed between the holder 21 and 
the screw member 25 for urging the holder 21 to the rack 
shaft 10 against the screw member 25, and a lock member 26 

25 of the screw member 25. 




The rack shaft 10 has a pair of slanted surfaces 10c, 
10c on both sides across a cylindrical surface 10b provided 
on the opposite side of rack teeth 10a in mesh with a pinion 
3a of the output shaft 3. The roller 24 has an integral 
5 structure connecting a pair of truncated cones 24a, 24a by 
a cylindrical portion 24b. The truncated cones 24a, 24a are 
disposed rotatably along the slanted surfaces 10c, 10c of 
the rack shaft 10, respectively, thereby having a function 
of restraining a rotational displacement of the rack shaft 
10 10. 

Here, when a strong force is transmitted between the 
output shaft 3 and the rack shaft 10, such a force is supported 
by the supporting unit 20 . Since the roller 24 has a structure 

15 described above, the slanted surfaces 10c, 10c of the rack 
shaft 10 enters into the truncated cones 24a, 24a and acts 
so as to push and spread them by a so-called wedge action. 
Thus, the truncated cones 24a, 24a deform as shown by the 
dotted line in the figure, thereby disadvantageously 

20 hindering the smooth rotation . To cope with this , an increase 
in the rigidity of the roller 24 can be considered in order 
to restrain the deformation of the truncated cones 24a, 24a. 
However, in order to restrain the deformation against the 
wedge action, it is necessary to construct the roller 24 

25 to be considerably strong. Thus, there is a problem in that 
the entire steering apparatus becomes large and heavy. 




Disclosure of Invention 

The present invention has been made in view of the 
5 problems of these conventional techniques , and it is an object 
of the present invention to provide a steering apparatus 
having a light-weight and compact configuration and capable 
of supporting the Y-type rack shaft more appropriately. 

10 In order to achieve the above object, according to 

the present invention , there is provided a steering apparatus 
including : 

a housing; a rack shaft connected to a steering 

mechanism, having rack teeth formed at least on part of an 
15 outer surface, and movably supported with respect to the 

housing; and a pinion connected to a steering wheel and having 

meshing engagement with the rack teeth, 

wherein the rack shaft is provided with a rolling 

contact surface on the opposite side of the rack teeth across 
20 an axis line and a pair of surfaces extending in parallel 

with an axis line on both sides across the rolling contact 

surface, 

the apparatus further comprises a rolling member 
rolling on the rolling contact surface of the rack shaft 
25 and an urging member having contact with the pair of surfaces 
and applying an urging force, 

wherein the urging member is attached to the housing. 
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forms an annular configuration surrounding the entire 
circumf erence of the rack shaft, and has a contact portion 
having contact with the pair of surfaces to apply an urging 
force. 

By the steering apparatus according to the present 
invention, in the steering apparatus including: a housing; 
a rack shaft connected to a steering mechanism, having rack 
teeth formed at least on part of an outer surface, and movably 
supported with respect to the housing; and a pinion connected 
to a steering wheel and having meshing engagement with the 
rack teeth, the rack shaft is provided with a rolling contact 
surface on the opposite side of the rack teeth across an 
axis line and a pair of surfaces extending in parallel with 
an axis line on both sides across the rolling contact surface. 
Furthermore, the apparatus Includes a rolling member rolling 
on the rolling contact surface of the rack shaft and an urging 
member having contact with the pair of surfaces and applying 
an urging force, wherein the urging member is attached to 
the housing, forms an annular configuration surrounding the 
entire circumference of the rack shaft, and has a contact 
portion having contact with the pair of surfaces to apply 
an urging force. Therefore, the force exerted on the rack 
shaft by the pinion can be supported by the rolling member 
contacting with the rolling contact surface. Moreover, it 
is possible to restrain a rotational displacement of the 
rack shaft about the axis line by applying the urging force 




against the pair of surfaces of the rack shaft by the contacting 
portion of the urging member. Also, since the urging member 
has an annular configuration, it is advantageously possible 
to easily attach/detach the urging member to/from the housing 
5 without using a connecting member such as adhesive or a screw. 

Furthermore, the contact portion of the urging member 
preferably includes a pressing portion having the shape of 
a cantilever. 

10 

Brief Description of the Drawings 

Fig. 1 is a sectional view illustrating part of a 
rack-and-pinion steering apparatus according to the present 
15 embodiment. 

Fig. 2A is a sectional view illustrating part of the 
rack-and-pinion steering apparatus according to the present 
embodiment , cut off at a different position from the position 
20 in Fig. 1. Fig. 2B is a view Illustrating the configuration 
in Fig. 1 as viewed in the arrow direction I IB. Fig. 2C is 
a view illustrating the configuration in Fig. 2B, cut off 
by the line IIC-IIC as viewed in the arrow direction. 



25 



Fig. 3 is an extracted perspective view of a rack shaft , 
a cylindrical roller, and an urging member of the present 




embodiment . 

Fig. 4 is a sectional view illustrating part of a 
rack-and-pinion steering apparatus to be compared with the 
5 present embodiment. 

Best Mode for Carrying out the Invention 

In the following, a description will be given of an 
10 embodiment of the present invention based on the drawings. 

Fig. 1 is a sectional view illustrating part of a 
rack-and-pinion steering apparatus according to the present 
embodiment. In Fig. 1, an output shaft 103 horizontally 
extending in the housing 101 is connected to an unillustrated 
15 steering shaft , and is rotatably supported by sealed bearings 
105, 106 with respect to the housing 101. The inner ring 
of the bearing 106 is fixed to the output shaft 103 by a 
nut 108 screwed on the output shaft 103. The outer ring of 
the bearing 106 is attached to the housing 101 by screwing 
20 a fixing member 109, which also serves as a cover member. 

A pinion 103a of the output shaft 103 has meshing engagement 
with rack teeth 110a of a rack shaft 110 whose both ends 
are connected to tie rods of an unillustrated traveling wheel 
steering mechanism. 

25 

The housing 101 is provided with a hollow columnar 




portion 101c formed from the circumference of the rack shaft 
110 extending upward in the figure. A supporting unit 120 
is disposed in the hollow columnar portion 101c. The 
supporting unit 120 includes a cylindrical holder 121, a 
5 pin 122 whose both ends are attached to a groove 121a of 
the holder 121 , a cylindrical roller 123 , which is a rotating 
member disposed about the pin 122, a needle bearing 127 
rotatably supporting the cylindrical roller 123 with respect 
to the pin 122, a screw member 125 for attaching the holder 

10 121 to the hollow columnar portion 101c, a disc spring 124 
disposed between the screw member 125 and the holder 121 
for urging the holder 121 to the rack shaft 110, and a lock 
member 126 of the screw member 125. By adjusting the amount 
of screwing of the screwmember 125, the amount of compression 

15 of the disc spring 124 is changed, thereby making it possible 
to adjust the pressing force to the rack shaft 110. After 
the adjustment, the screw member 125 can be locked by the 
lock member 126 to prevent the screw member 125 from being 
loosened. 

20 

On the rack shaft 110, on the opposite side (called 
back surface side) of the rack teeth 110a across the axis 
line X, in a cross section orthogonal to an axis line X shown 
in Fig. 1, a rolling contact surface 110b is formed at the 
25 upper center, and slanted surf aces ( a pair of surf aces ) 110c, 
110c slanting in the facing direction each other are formed 



on both sides at the place lowered one step. Such a rack 
shaft is called a Y-type rack shaft, and is formed by forging 
work in the present embodiment . The rolling contact surface 
110b is formed as a convex curved surface, and the 
circumferential surface of the cylindrical roller 123 is 
formed as a concave curved surface corresponding to the convex 
curved surface. However, the rolling contact surface 110b 
may be a flat surface, and the cylindrical roller 123 may 
be a cylindrical surface. In this regard, unlike the 
structure shown in Fig. 4, the cylindrical roller 123 itself 
hardly have a function of restraining a rotational 
displacement of the rack shaft 110. Such a function is 
guaranteed by an urging member 130 described below. 

Fig. 2A is a sectional view illustrating part of a 
rack-and-pinion steering apparatus according to the present 
embodiment, cut off at a different position from the position 
in Fig. 1. Fig. 2B is a view illustrating the configuration 
in Fig. 1 as viewed in the arrow direction I IB. Fig. 2C is 
a view illustrating the configuration in Fig. 2B, cut off 
by the line IIC-IIC as viewed in the arrow direction. Fig. 
3 is an extracted perspective view of a rack shaft, a 
cylindrical roller, and an urging member of the present 
embodiment . As shown in Fig . 3 , the rack shaft 110 is provided 
with rack teeth 110a formed as far as the half of the entire 
length, and the remainder forms a cylindrical surface llOd. 
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In Figs. 2A to 2C, an urging member 130 is disposed 
in a hole 10 Id extending along the direction of the rack 
shaft 110 of the housing 101. Since the urging member 130 
5 is annular, the urging member 130 can be easily attached 
to , or detached from the housing 101 without using a connecting 
member such as adhesive or a screw. However, the urging 
member 130 can be attached using adhesive supplementally 
as a matter of course . For the urging member 130 , polyacetal 
10 resin having an excellent characteristic in heat resistance 
and strength is preferable, but the urging member 130 is 
not limited to this. 

As shown in Fig. 3, the urging member 130 is disposed 
15 at the portion on which the rack teeth 110a are formed on 
the rack shaft 110, and forms an annular configuration 
surrounding the rack shaft 110. Also, the urging member 130 
has a pair of the contact portions 130b, 130b contacting 
the slanted surfaces 110c, 110c of the rack shaft 110. 

20 

As shown in Fig. 2B, each contact portion 130b has 
an E- shaped structure including a pair of extending parts 
130c, 130c extending form the annular parts of the urging 
member 130 along the slanted surface 110c of the rack shaft 
25 110, a connecting part 130d connecting each end of the 

extending parts 130c, 130c, and a pressing part 130e whose 



one end is connected to the extending part 130c and the other 
end extends in a cantilever state. 

For the assembly of the urging member 130, in Fig. 
5 2A, machine work is performed on opposing surfaces (here, 
concave curved surfaces) lOlh, lOlh of the housing 101 
corresponding to the slanted surf aces 110c, 110c of the rack 
shaft 110 to set the gaps between the pressing parts 130e, 
130e and the slanted surfaces 110c, 110c within an appropriate 
10 range. Then the urging member 130 is attached to the hole 
lOld such that the movement of the urging member 130 in the 
axial direction is constrained using the work step between 
the work surface and the casting surface. 

15 As shown in Fig. 2C, both ends of each pressing part 

130e are brought into contact only with the slanted surfaces 
110c of the rack shaft 110, the central part of each pressing 
part 130e is brought into contact only with the hole lOld 
of the housing 101 . Since each pressing part 130e suppresses 

20 a rotational displacement and vibration of the rack shaft 
110 about the axis line X with respect to the housing 101 
by the elastic force thereof, it is possible to effectively 
suppress, for example, the occurrence of rattling noise. 
Assuming that the thickness of the pressing part 130e is 

25 3 to 5 mm, the gap A between the central part of the pressing 
part 130e and the slanted surface 110c should be about 0.05 




to 0.5 mm. The gap A should desirably be larger than the 
maximum amount of deformation of the disc sprint 124 of the 
supporting unit 120 . This is because when an excessive force 
is applied between the pinion 103a and the rack shaft 110 
5 by a travelling wheel colliding with a paved step of sidewalk , 
for example, that force should be exerted on the supporting 
unit 120 , and should not be exerted on the pressing part 
130e in order to prevent the contacting member 130 from being 
damaged. In this regard, if the corners contacting the rack 
10 shaft 110 at the end of each pressing part 130e is rounded 
off, it becomes possible to restrain the lubricant adhered 
to the surface from being scraped when the rack shaft 110 
relatively moves, and thus the lubricity can be improved. 

15 A description will be given of the operation of the 

present embodiment. When a steering force is inputted into 
an unillustrated steering wheel, the steering force is 
transmitted to the output shaft 103 through an unillustrated 
steering shaft. As shown in Fig. 3, the rotational force 

20 of the output shaft 103 is converted into the longitudinal 
thrust of the rack shaft 110 through the pinion 103a and 
the rack teeth 110a having meshing engagement with each other . 
The rack shaft 110 moves in the vertical direction of the 
page surface in the figure by the longitudinal thrust , thereby 

25 steering unillustrated wheels. At this time, the 

cylindrical roller 123 rolls on the rolling contact surface 




110b, allowing the rack shaft 110 to move with low friction. 

As described in the present embodiment, the pressing 
force exerted on the rack shaft 110 from the pinion 103a 
5 is received by the cylindrical roller 123, and a rotational 
displacement of the rack shaft 110 is suppressed by the urging 
member 130, which is separated from the cylindrical roller 
123 . It is therefore possible to restrict the axial direction 
size of the cylindrical roller 123, and thus the structure 
10 in the vicinity of the pinion 103a of the rack shaft 110 
can be made compact. 

As described above, the present invention has been 
described in detail with reference to the embodiment. The 
15 present invention, however, should not be construed as being 
limited to the embodiment described above. The present 
invention can be properly modified and improved as a matter 
of course without departing from the spirit and scope of 
the invention. 
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CLAIMS 

1 . A steering apparatus comprising : a housing ; a rack shaft 
connected to a traveling wheel steering mechanism, having 
5 rack teeth formed at least on part of an outer surface, and 
movably supported with respect to the housing; and a pinion 
connected to a steering wheel and having meshing engagement 
with the rack teeth, 

wherein the rack shaft is provided with a rolling 
10 contact surface on the opposite side of the rack teeth across 
an axis line and a pair of surfaces extending in parallel 
with an axis line on both sides across the rolling contact 
surface, 

the apparatus further comprises a rolling member 
15 rolling on the rolling contact surface of the rack shaft 
and an urging member having contact with the pair of surfaces 
and applying an urging force, 

wherein the urging member is attached to the housing, 
forms an annular configuration surrounding the entire 
20 circumference of the rack shaft, and has a contact portion 
having contact with the pair of surfaces to apply the urging 
force. 

2. The steering apparatus according to Claim 1, wherein 
25 the contact portion of the urging member comprises a pressing 
portion having the shape of a cantilever. 




ABSTRACT 

A rack shaft (110) has a rolling contact surface (110b) 
on the opposite side of rack teeth (110a) across an axis 
5 lineX, and a pair of slanted surf aces (110c, 110c) extending 
in parallel with the axis line across the rolling contact 
surface (110b) . Furthermore, a roller (123) rolling on the 
rolling contact surface (110b) of the rack shaft (110) and 
an urging member ( 130 ) having contact with the pair of slanted 

10 surfaces (110c, 110c) for applying an urging force are 
provided. The urging member ( 130 ) is attached to the housing 
(101) , forms an annular configuration surrounding the entire 
circumference of the rack shaft (110), and has contact 
portions ( 130b, 130b) having contact with the pair of slanted 

15 surfaces (110c, 110c) to apply the urging force . Therefore, 
the force exerted on the rack shaft (110) by a pinion (103a) 
can be supported by a cylindrical roller (123) contacting 
with the rolling contact surface (110b). Moreover, it is 
possible to restrain a rotational displacement of the rack 

20 shaft (110) about the axis line by applying the urging force 
against the pair of slanted surfaces (110c, 110c) of the 
rack shaft (110) by the contacting portions (130b, 130b) 
of the urging member (130). Also, since the urging member 
(130) has an annular configuration, it is advantageously 

25 possible to easily attach or detach the urging member (130) 
to or from the housing ( 101 ) without using a connecting member 




such as adhesive or a screw. 
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FIG. 4 




